Our paper is focused on the factors that influence innovation in small and medium enterprises (SMEs) 
Introduction: SMEs and innovations
It is often stated that small and medium enterprises (SME) are though to be best suited to take advantage of opportunities on the market, as far as they posses the capacity to survive, grow and retain a competitive advantage (see e.g. Nooteboom, 1994; Shane and Venkataraman, 2000; Hayton, 2005; Felício et al., 2012; Klyver et al., 2012; or Mamyrbayev, 2014) .
It is obvious that innovations play an indispensable role in everyday activities of today's society, spanning across all areas of our lives. They are especially important in technical and economic disciplines (see e.g. Csáfor, 2006) . Whereas they represent a key to progress in the former one, they are an essence of success or failure for the latter one. Innovations became an important aspect of every business activity due to the fact that they can create a new space for potential specialization and future growth. In addition, they allow pushing up the boundaries. Today's globalized and interconnected world makes innovations a necessity rather than an option for firms which want to survive on the market and develop further. Thanks to their creative nature they embody positive benefits both for their inventor and their user. The inventor usually earns a reward in a form of money or respect. The user then gets a result with improved quality, availability, diversity or increased quantity of goods and services.
The question is whether small or large firms are better suited to bring the desired goals of growth, employment and competitiveness and whether innovation is something that can significantly improve chances of firms to achieve success. This paper argues that with respect to the innovative activity SMEs are capable of and well-suited for pursuing such desirable goals. The capacity alone is not enough to bring favorable results. Since they play a vital role in any national economy, this potential should be well developed and constantly nurtured by means of direct and indirect state support (Lacina and Vavřina, 2013) .
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define innovation as "a process that begins with an invention, proceeds with the development of the invention, and results in the introduction of a new
product, process or service to the marketplace". This definition looks at innovation as a rather technological perspective. The issue is that not every innovation begins with an invention. Many innovations take a form of an improvement. Quite often, innovations are based on the results of new technological developments, or the new combinations of existing technology, or the utilization of other knowledge acquired by other enterprises. Innovations may be developed by the innovating enterprise or by another enterprise. However, just trading innovations produced and developed by other enterprises cannot be included as an innovation activity. Innovations should be new to the enterprise concerned. For product innovations they do not necessarily have to be new to the market and for process innovations the enterprise does not necessarily have to be the first one to have introduced the process (see e.g. Koudelková and Svobodová, 2011) .
This definition is quite relevant for our later analysis of innovations in the context of Czech SMEs at least in two main aspects. The first one is that it was used for recognition of innovations in a survey among firms, which is exactly what we have done as well. The second one is that it extends the first definition to innovations with nature other than technological. It also involves improvements and innovations regarding processes that take place within the firm. It thus better covers the areas of our survey and enables the firm to easily identify its innovative activities (see e.g. Kokodey, 2013) .
It is also relevant to mention that many scientific papers take patents as representatives of innovations. This is not an appropriate simplification, as Kuznets (1962) suggests, because not all innovations are patented. On the other hand, he also puts forward a supportive argument for patents as a measure of innovations. Patenting not only means technical readiness of an invention, but also manifests entrepreneur's belief in economic profitability of it. Even very slight modifications of already proven concepts which differentiate a particular product from its competitors and thus let it stand out can cause a huge difference in the market although not being patented. On the contrary, there are many patents that remain unused or serve for specific purposes. The strategic purpose of patents can be explained on the example of patent medicine (Muragundi and Naik, 2014) .
Current times have brought a climate of "patent cold war" in which companies, e.g. in hi-tech consumer electronics, regularly file lawsuits one against another stating that the counterpart has breached one of their patents, and these count sometimes even in thousands, which was demonstrated above. Such patents can hardly represent genuine innovative activities. We see that the relationship between innovations and patents is at least complicated and current trends do not suggest any improvement in the near future.
There are also various levels of innovation that categorize innovations according to the amount of novelty incorporated. The strongest one and also the least frequent is "The innovation established an entirely new category of product". Only the top star companies reach this breakthrough moment. The secondbest category is "The innovation is the first of its type on the market in a product category already in existence". We can see these innovations for example in high-tech consumer electronics. The other two categories encompass innovations that buildup on an already established technology or product. They are also the most frequent ones, defined as "The innovation represents a significant improvement in existing technology" and "The innovation is a modest improvement designed to update an existing product". Drucker (1986) offers four basic categories, listed according their significance: breakthrough, complementary, additive, incremental. Their frequency of occurrence follows an inverse sequence, but none of those ought to be neglected in order to achieve constant move forward and keep up with trends. These categories should be taken only as an example of innovation classification because there are plenty of classification schemes, as Coccia (2006) points out.
Our paper studies the role of innovation as the main factor of growth and success in small and medium enterprises (SMEs) in the Czech Republic. We use the unique data from the field survey conducted with 1144 Czech SMEs from all regions of the Czech Republic in order to test our hypotheses using the econometric modelling. This paper is structured as follows: Section 2 provides a brief overview of SMEs in economic transition with a special focus on Czech SMEs and their development over time. Section 3 describes the data collection and reports on the profile and history of SMEs in our sample. Section 4 outlines the econometric model and reports its main findings. Finally, the last section summarizes and provides brief discussions and policy implications for the relevant policy-makers and stakeholders.
SMEs in the Czech Republic in economic transition
Even though the Czech Republic (and before that Czechoslovakia) has never been an SME economy as such, SMEs constitute its backbone both in microeconomic and macroeconomic realm (see e.g. Lendel and Varmus, 2013) . Kočenda et al. (2004) notes that small firms in Czech transition were the main cause of low unemployment and accounted for the majority of newly created jobs. They conclude that the retained profit of small firms was a major determinant of new investments.
In order to provide an overview of the current state and the development of Czech SMEs since the EU accession in 2004, we present an overview of the structure of active economic subjects in the Czech Republic according to the employee categories (Table 1) .
The numbers reported in Table 1 are not for all registered subjects (which are about twice as high but for all active entrepreneurial subjects due to the fact that these data are more meaningful (Czech Statistical Office, 2007) ). Active entrepreneurial subjects are classified according to the data obtained by statistical surveys, tax returns and payments for social insurance and thus give as least some lead of economic activity. The total number has been growing slightly, around 2.4% per year. Likewise, the birth and death rate of economic subjects, presented in Fig. 2 , shows a relatively stable development.
Although it includes subjects of all sizes, we can assume, according to above mentioned proportionality that it represents mainly SMEs. The average birth rate between 2005 and 2011 was 110 101 subjects a year. The average death rate, One of the most important indicators of SMEs' economic activity is their role in international trade (see e.g. Arslan and Karan, 2009) . It is good to know how SMEs are doing, especially in the context of the new export oriented strategy crafted by MIT (2012) which has increasing the number of exporters among SMEs by 50% as one of its priorities.
This strategy puts emphasis on exports to territories outside Europe, which means that SMEs will eventually be forced to compete globally. So far, their share on total Czech exports in 2010 was 51.3%, amounting to 1.29 billion CZK.
This number is steadily growing since 1997 (Fig. 3) . The number has more than doubled between 2004 and 2001. The gap between exports and imports has been shrinking over time, from almost 35% to little above 4%. This is a clear sign that Czech SMEs are able to withstand competition on the foreign markets.
Data collection and analysis
In order to identify the determinants of innovations in Czech SMEs, we collected 1144 online questionnaires and obtained detailed firm-level data on firms' characteristics and innovations. Our complex dataset contains a wide range of indicators covering both SMEs' internal and external characteristics, such as a number of employees, structure of ownership, sources of innovations or their barriers, number of competitors, size of operated market and influence of the firm's environment on its actions. The outcomes thus bear valuable information about specific factors that may ultimately lead to innovations. Thanks to the extent of the dataset the right factors influencing innovative activities of firms can be identified and further evaluated in an econometric model.
The aim of our survey was to obtain as much reliable information from SMEs as possible. Two crucial problems emerge when trying to collect such data in reality. The first one is the difficulty to find someone who would be willing to provide such specific data; in case he actually had them. The second problem builds on the first one: even if a firm was willing to provide the data, it could be extremely difficult to extract them in sufficient quality, because no firm has a reason to spent resources on tracking specific aspects of innovations. This is especially true for SMEs, and so the questionnaire was designed to ask simple questions that can be answered quickly and without any research in firm's books.
Searching for contacts to firms was the first step towards having a sufficient amount of potential respondents of our online survey. The Magnus Web database (Čekia, 2011) was used to gain email addresses to approximately 49 thousand firms in employee categories from without employees to 200-249 employees.
The survey consisted of 21 questions and was designed with the help of a specialized online survey server. The questions in the survey were short and ready to be filled with just one click, making the answering process relatively easy and fast. The average time spent with answering our questions was around 11 minutes. Figure 4 shows the geographical distribution of the surveyed enterprises. Although the majority of them originated from Prague (25%), the rest were evenly distributed around the country. Figure 5 reports the main areas of business of surveyed enterprises. The majority (20%) operated in manufacturing. This was followed by 17% and 16% of enterprises operating in construction and wholesale and trade respectively.
The majority of firms in the sample (48%) had less than 9 employees, 3% had in between 100 and 199 employees and 1% had between 200 and 299 employees. Figure 6 reports the turnovers in surveyed enterprises in the three consecutive years (2009) (2010) (2011) . Figure 7 depicts the dynamics of distribution of sales for surveyed enterprises in our sample with respect to local, national, EU and world markets in the three consecutive years. This information is of a special interest, since it reflects the link between innovations and sales spread. Figure 8 reports licenses, patents or awards. Other answers included plenty of specific certificates, prizes, trademarks or industrial patterns. A few firms are in preparation phase for ISO certificate.
Some firms expressed their mixed or negative experience with ISO certificates. This may be caused by the fact that obtaining a certificate can a bureaucratic burden for a small firm or that it is of no use for the entrepreneur. Only a small number of firms belong to a cluster and 13% of them do not know whether they belong to such a structure.
The majority of firms compete in price (for the majority of firms (44%), there are between 5 and 25 main competitors in their area of business) (Fig. 9) .
Many firms noted that there was often unreasonable pressure on price at the expense of quality. Proportion of firms competing in quality and product innovativeness also confirms that finding. However, competition in prices pushes margins down and inhibits so much needed investment into development of new and better products or services.
Empirical model construction and testing
The aim of our empirical model described in this section was to identify innovations as determinant of growth and success in selected Czech SMEs. After thorough evaluation of the theory behind innovations, intensive collection of a large amount of data and careful finalization of the dataset, we proceed to description of the model and later to its estimation. The linear econometric model used in our paper is a multivariate statistical model of the form:
where Y i is the dependent variable defined as the measure of innovations in an SME (number of patents, licences, certificates), and X 1,i ,…, X 1,i are the explanatory variables and ε i is the error term. In a multiple linear regression model there are k variables and k + 1 regressors (one can regard β 0 as a parameter attached to the variable X 0 which assumes a constant value of "1"). It is implied that the variation in Y is systematically explained by the part of Y that is represented as (x' β) and that the part of Y not explained by it is represented by ε (Fabozzi et al., 2014) . The assumptions of the multivariate model are the following (Pindyck and Rubinfeld, 1991 In the standard case ε i is assumed to be independent and identically distributed over individuals and time with zero mean and variance 2 vf . If the β i are treated as N fixed unknown parameters, the model presented above becomes the "fixed effects model".
An alternative approach assumes that the intercepts of the individuals are different but that they can be treated as drawings from a distribution with mean μ and variance 2 vf . In our case, due to the specifics of the research and the properties of the collected data, the use of one-way error model expressed either by the fixed effects (FE) model or the random effect (RE) model is justified. The error term in this model consists of two components: a time-invariant component α i and a remainder component that is assumed to be uncorrelated over time. To account for the problem of individual location effects in the econometric model, location variables (location dummies) are to be used (see e.g. Lógó, 2007) . Due to the fact that we are using exogenous variables (X' s ), m objective variables (Z' s) and l subjective variables (W' s), and if r is the number of locations of the ith SME, and i 1 ,i 2 ,…, i r are these locations, then most fully unrestricted model can be presented in the following form: where X jip , Z jip , and W jip are the th truly exogenous, objective, and subjective variables for the Z jip i P location of the i SME, respectively, β' s are the corresponding coefficients, and e ri is the error term, that is the sum of the error terms The results of our estimations are conditional on a set of specification and diagnostic tests. First, heteroscedasticity test was run and heteroscedasticity was detected. Therefore, robust standard errors (RSE) were used in three out of four cases. Robust standard errors is an econometric technique that allows the researchers to rule out the heteroskedasticity which invalidates statistical tests of significance that are based on the assumption that the modelling errors are uncorrelated and normally distributed, and that their variances do not vary with the effects being modelled (Verbeek, 2008) .
Number of innovations according to categories was selected naturally as explained dependent variable. Dependent variables for the final model have been carefully chosen during the process of crafting a solid model reliably identifying the key determinants of innovations. Just eight observations had to be taken out of the model, because they did not contain information on number of innovations the firm has achieved.
Overall, four models (innovation model, ownership model and impact factor model with robust standard errors and barriers model using OLS) were estimated using Gretl statistical software. They used 1136 observations, consisting of seventeen variables, three of which were categories, and the rest were defined as binary variables. Each model has the same list of "core" variables but differed in the additional binary variables that coded for instance the existence of barriers to business, the structure of ownership, or the impact of the external factors such as competition, or the rule of law (hence the names of the models such as "innovative", or "barriers" model).
(1) (2) (3) (4) Note: RSE stands for "robust standard errors", and OLS stands for "ordinary least squares". Source: Own results Table 2 depicted above reports the results of all four models in question. We check the value and the sign of the coefficients, as well as the significance of the coefficients to make predictions of their impact on the innovations in SMEs (dependent variable).
Overall, it appears from our analysis that enterprises classified as small or medium ones tend to be more innovative than micro enterprises. This can be explained by their relative abundance of financial and human resources. Some of them can be specifically devoted to developing new products or service, while micro enterprises (often represented by sole traders) do not have this option.
Moreover, it becomes apparent that larger target markets induce more innovations. This relationship could be also viewed from the other direction, namely that innovation causes the firm to expand territorially. These two links cannot be simply separated because they occur simultaneously. Innovations enable the firm to compete internationally and at the same time international market puts more pressure on innovativeness of the offered good.
Quite surprisingly, in the case of Czech SMEs, licenses did not come through as significant determinant of innovation. This might be explained by their diversity and real impact on firms. This finding supports the argument that patents may not be a good representation of innovations which was discussed in Section 3. On the other hand, belonging to the cluster plays a positive role (which is in accord to similar findings from other countries -see e.g. Van Zyl and Mathur-Helm, 2007; Navickas and Malakauskaite 2010; Hovelja et al., 2010; Stephens and Onofrei 2012; or Conway 2012) . Small firms in the clusters dominated over those that were not aware of the advantages that clusters provide, especially in terms of synergy.
Our findings show that increasing age of equipment is negatively related to innovations. This is quite understandable, as far as the newer equipment allows more innovative usage and implementation. On the contrary, competition had a positive effect (especially higher competition categories). It might be that more competitive environment forces firms to innovate more. However, a top innovative firm with a unique business proposition can have very few competitors. There are also firms that specialize on serving the public sector and if selected in often dubious public procurements, these firms no longer have motivation for improvements in the absence of any competitors.
A number of investing activities of firms show significant impact on innovations. Investments into technologies and quality show a strong impact, also when compared to other variables. Although investment is just a precondition to a potential discovery and its successful realization, it is a necessary step towards achieving innovation. Unfortunately, our survey revealed that many firms could not afford to invest because their main concern was survival on the market. This creates a vicious circle because without investment innovations have a harder way to come and nobody can expect high profits for mediocre goods or services.
By far and large, the greatest determinant of innovations is own R&D which was indicated as a main source of innovations by 31% of firms. Although own R&D facilities may be a costly investment, it is definitely worth to have it. It is important to emphasize that not only medium firms exploit its benefits. About 30% of micro and small enterprises engage in this activity, followed by 41% of medium enterprises. Customers also represent an important source of innovations. This stems from the fact that they may come to the firm with new and more difficult requests and thus motivate it to higher originality.
On the other hand, barriers to innovation did not prove to constitute a real obstacle for innovations to a large extent, although two actual barriers emerged nevertheless. Market barriers, e.g. competition or insufficient demand, and cooperation with scientific institutions thus had a negative effect on those firms who encounter them. The legal form of the enterprise is also a factor crucial for innovations, as far as limited companies tend to innovate more than the other legal forms. This finding generally means that the limited company is the right form of enterprise for Czech SMEs nowadays.
Conclusions and policy implications
Our paper provides an overview of innovations as the factors of growth and success in Czech small and medium enterprises. Our results take into account the recent development of Czech SMEs in the times of economic crisis. Results based on ore empirical analysis tend to be valid for reasonable understanding of firms on a sectorial or regional level. However, when it comes to the micro level of individual firms, it turns out that every case is unique and no common inference can be easily drawn.
It appears that the majority of the factors leading to innovations can be influenced by the firm itself, it is therefore desirable for the SME to focus on these factors. At first glance, some of them may look unsuitable for a particular SME, probably because the terms are used mainly in different context, i.e. R&D for nontechnical SMEs providing services However, it is important for every firm to translate these variables into its own language and find ways how to exploit the available opportunities.
One of the crucial factors for innovations proved to be the legal form of the enterprise which translates that limited companies tend to innovate more than other legal forms. There are two possible explanations to this: First, limited companies are often represented by sole-traders (one-person firms) and microenterprises that seek to establish a strong position on the market. These small companies tend to innovate and invest into new technologies and processes in order to beat the competition. Second, small companies are less cumbersome and more creative than large enterprises and can spend less time dealing with tax forms and employment and health ensurance agenda, and more time innovating their products or services.
What might mean a new factory for one SME might be a better software in case of another enterprise. Investments of different kinds have proven to work and deliver innovations. Firms should always search for ways how to invest, even if it will not be large sums of capital. Even optimization of processes within the SME will be a good step forwards. Firms should not put too much weight on barriers or external environment as these have not emerged as real inhibitors to innovations.
From our analysis, it becomes apparent that the Czech government should focus on specific aspects of support for SMEs in the areas, where its guiding hand is really needed. In the Czech context, it might be the support of investment activities of SMEs, education of employees, expansions of Czech exports to the new markets and intensive support of R&D in firms that are the right subjects for that. Those firms have the potential to bring fruits in the future in the forms of productive innovations. General governmental support should create a progressive environment which would enable micro enterprises to grow faster to become small and medium enterprises that tend to be more innovative.
As for the implications and suggestions for further research, it would be interesting to measure the impact of the use of ICT and e-commerce on the innovation and success of SMEs. The wide use of Internet in reaching the potential customers and selling the products and services across national borders and thus expanding the firms' markets, is becoming crucial nowadays. It might be interesting to see whether more ICT-knowledgeable companies tend to be more innovative. In addition, it might be interesting to see whether more innovation lead to more success (which might be measured by the profit per employee, or the net annual profit). With regard to these two alleys of future research suggested above, it would also be interesting to make an international comparison of SMEs from different countries or regions (e.g. SMEs from Visegrad countries, or SMEs from Eastern, Western and Southern Europe) due to the location-specific effects and possible country differences embedded in the structure of economy (e.g. in South Europe, SMEs constitute up to the 70% of all enterprises). Finally, it seems interesting and timely to make a cross-country comparison of SMEs in the EU in order to determine the factors of competitiveness and to make suggestions that might be relevant for European policies of supporting small and medium enterprises in the long horizon.
